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PISTON PUMP ASSEMBLY FOR A
HYDRAULIC POWER VEHICLE BRAKING
SYSTEM

FIELD OF THE INVENTION

The present invention relates to a piston pump assembly
for a hydraulic power vehicle braking system having the
features.

BACKGROUND INFORMATION

Piston pumps are used 1n hydraulic power vehicle braking
systems for generating a hydraulic brake pressure for a
service brake application using external power and/or 1in
slip-controlled vehicle braking systems also for generating a
brake pressure and for conveying brake flmd from wheel
brakes after a pressure reduction back to the wheel brakes in
order to 1ncrease the wheel brake pressures again or back 1n
the direction of a main brake cylinder during a slip regula-
tion.

SUMMARY OF THE INVENTION

The piston pump assembly according to the present
invention having the features described herein 1s provided
for generating a brake pressure and/or for conveying brake
fluid 1 a hydraulic power and/or slip-controlled vehicle
braking system. It includes an electric motor as a drive, a
worm gear, for example, a spindle drive, which converts a
rotational drive movement of the electric motor mto a
translational movement, and a piston-cylinder unit, whose
piston 1s displaceable 1n the cylinder using the worm gear.
This involves a relative movement between piston and
cylinder, the cylinder may also be displaced on the piston. A
reduction gear, for example, a planetary gear, may be
connected between the electric motor and the worm gear.

For an anti-rotation protection of the piston in the cylin-
der, the piston includes a radially protruding rotation-lock-
ing element, which is rotationally fixed and which may also
be axially fixed to the piston and 1s supported 1n at least one
and which may be both circumierential directions at a thrust
bearing of the cylinder. The thrust bearing may be, for
example, a cylinder pin fixed axially parallel in the cylinder
or an axially-parallel or also spiral rib. The support of the
rotation-locking element of the piston at the thrust bearing
holds the piston against co-rotating with the worm gear
during 1ts axial displacement 1n the cylinder. The piston may
be displaced exclusively axially in the cylinder without
rotation, but it may also twist during 1ts axial displacement
in the cylinder, 1.e., execute a helical movement; however, 1t
may not rotate freely in the cylinder. The support of the
rotation-locking element at the thrust bearing in the circum-
ferential direction may be free of play or has little play;
however, play 1s possible in the circumierential direction, so
that the piston may rotate to a limited extent in the cylinder.

The rotation-locking element 1s a component separate
from the piston or 1n any case a component manufactured
separately from the piston, which is situated in a rotation-
ally-fixed manner at the piston.

In one embodiment of the present invention, the rotation-
locking element 1s a ring situated in a rotationally-fixed
manner and like a flange at the piston, which circumieren-
tially protrudes radially from the piston or circumierentially
projects radially beyond the piston. The ring may be situated
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2

at one end of the piston or with spacing from ends of the
piston at a point of the piston 1n the axial direction which 1s
arbitrary per se.

The turther descriptions herein have as the subject matter
advantageous embodiments and refinements of the present
invention specified herein.

The subject matter as described herein includes a hydrau-
lic block of a hydraulic assembly for a hydraulic vehicle
braking system, 1n particular a power vehicle braking system
and/or a vehicle braking system having a slip regulation. The
hydraulic block 1s or will be equipped with solenoid valves
and further hydraulic components of the vehicle braking
system, which are used for a brake pressure regulation or a
brake pressure control 1n the case of power brake application
and/or during a slip regulation. The hydraulic block includes
a borehole, depression, or the like as a receptacle for the
cylinder of the piston pump assembly, the electric motor 1s
attached to the worm gear and optionally an interconnected
reduction gear or 1s attached externally at the hydraulic
block. The piston pump assembly 1s also a hydraulic com-
ponent of the power vehicle braking system or the slip
regulation. Equipped with the hydraulic components, the
hydraulic block forms a hydraulic assembly, which 1s con-
nected by one or more brake lines to a main brake cylinder,
if 1t does not contain the main brake cylinder, and to which
hydraulic wheel brakes of the vehicle braking system are
connected by brake lines.

The present invention 1s explained in greater detail here-
after on the basis of a specific embodiment shown 1n the
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows an axial section through a piston pump
assembly according to the present invention.

FIG. 2 shows a piston of the piston pump assembly from
FIG. 1 1n a perspective exploded view.

FIG. 3 shows an enlarged detail of a frontal view of the
piston and a cylinder of the piston pump assembly from FIG.
1 having an axial viewing direction.

FIG. 4 shows an enlarged detail of the piston of the piston
pump assembly from FIG. 1 having a viewing direction
radially from the inside.

DETAILED DESCRIPTION

Piston pump assembly 1 according to the present inven-
tion, which 1s shown in the drawings, 1s provided {for
pressure generation in a hydraulic power vehicle braking
system and/or for pressure generation and conveyance of
brake fluid 1 a slip-controlled hydraulic vehicle braking
system during a slip regulation. Such slip regulations are, for
example, antilock braking systems, traction control systems,
vehicle dynamic stability controllers, and electronic stability
programs, for which the abbreviations ABS, TCS, VDC, and
ESP are commonly used.

For the drive, piston pump assembly 1 according to the
present invention includes an electric motor 2, using which
a planetary gear 3 1s drivable, which may generally also be
understood as a mechanical reduction gear. Planetary gear 3
drives a worm gear 4 to rotate, which converts the rotational
movement nto a displacement to displace a piston 5 of a
piston-cylinder unit 6 in a cylinder 7. In the described and
explained specific embodiment of the present invention,
worm gear 4 1s a ball screw drive. Piston 5 i1s axially
displaceable 1n cylinder 7, a displacement direction of piston
5 1n cylinder 7 1s thus axial.
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Planetary gear 3 drives a nut 8 of worm gear 4 to rotate
and nut 8 displaces a spindle 9 of worm gear 4. Notwith-
standing this, vice versa, spindle 9 may also be driven to
rotate and nut 8 1s displaced together with piston 5. An end
of spindle 9 remote from planetary gear 3 and electric motor
2 1s connected in a rotationally-fixed and axially-fixed
manner to piston 5 by a pin 10, which 1s as one piece with
it, and which 1s pressed 1nto a blind hole 1n a piston bottom
11 of piston 3, so that piston 5 1s displaced with spindle 9.
In the described and shown specific embodiment of the
present invention, pin 10 of spindle 9 has a knurl including,
axially-parallel grooves.

Piston 5 1s configured as a hollow piston, which 1s closed
as one piece by 1its piston bottom 11 at an end remote from
planetary gear 3 and electric motor 2 and which encloses nut
8 of worm gear 4 1n cylinder 7 of piston-cylinder unit 6. The
mentioned components of piston pump assembly 1, 1.e.,
clectric motor 2, planetary gear 3 situated between electric
motor 2 and worm gear 4, worm gear 4, piston 3, and
cylinder 7 are coaxial.

For an anti-rotation protection of piston 5 in cylinder 7,
cylinder 7 includes three axially-parallel grooves 12 having
semicircular cross sections distributed over a circumierence
on the 1nside, in which cylinder pins 13 are inserted as thrust
bearings 14 (FIG. 3).

A ring 15, which 1s situated fixedly at piston 5 and 1s
apparent 1n FIGS. 2 and 3, 1s also a component of the
anti-rotation protection. Ring 15 has a rectangular, nearly
square ring cross section, which 1s somewhat larger radially
than axially. Ring 15, which may generally also be under-
stood as a rotation-locking element 16, 1s situated close to an
end of piston 5 facing toward planetary gear 3 and electric
motor 2 1n a radial plane of piston 5 and encloses piston 3
like a flange. Ring 15 protrudes radially outward from piston
5. Ring 15 includes three semicircular grooves 17 in 1ts outer
circumierence, which penetrate ring 15 in an axially-parallel
manner. Cylinder pins 13, which are situated axially parallel
and are projecting inwardly 1 grooves 12 in cylinder 7,
engage 1 grooves 17 of ring 15 forming rotation-locking
clement 16. With 1ts grooves 17, ring 15 forming rotation-
locking element 16 of piston 5 supports itself in both
circumierential directions at cylinder pins 13 forming thrust
bearings 14 in cylinder 7 of piston pump assembly 1
according to the present mnvention. Piston 5 1s thus rotation-
ally fixed and axially displaceable in cylinder 7.

In the exemplary embodiment, grooves 12, 17 and cyl-
inder pins 13 are distributed uniformly over the circumier-
ence. An uneven distribution and/or a number other than
three of grooves 12, 17 and three cylinder pins 13 1s also
possible. In principle, one groove 12, 17 and one cylinder
pin 13 are suflicient, however, there may also be two, four,
or more grooves 12, 17 and cylinder pins 13. Instead of
cylinder pins 13, other thrust bearings 14 are also possible,
for example, inwardly projecting, axially-parallel or helical
ribs 1n cylinder 7, which engage in congruent or similar
grooves 1n ring 15 forming rotation-locking element 16 of
piston 5 (not shown).

At its grooves 17, rng 15 includes radially inwardly
projecting tabs 18, which are accommodated 1n correspond-
ing recesses 19 1n the end of piston 3 facing toward planetary
gear 3 and electric motor 2, whereby ring 135 1s axially fixed
and rotationally fixed with piston 5 in one direction. Tabs 18
may generally also be understood as form-fitting elements
20 and recesses 19 as corresponding receptacles 21.

Ring 15 1s placed on piston 5 and 1s elastic because of
grooves 17 and mwardly projecting tabs 18, which form
U-shaped or C-shaped bows due to grooves 17, in the
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circumierential direction and in the radial direction. Ring 15,
formed by rotation-locking element 16 of piston S, 1is
clamped around piston 5 and rests at piston 5 with a
pre-tension. At its inner circumierence, ring 15 includes low,
inwardly protruding elevations as support clements 22,
which are situated oflset in relation to tabs 18 on both sides
of and close to tabs 18 in the circumierential direction and
using which ring 15 rests at the outer circumierence of
piston 5.

Recesses 19 forming receptacles 21 1n the end of piston 5
are deeper than ring 15 1s thick. On both sides of recesses 19,
a front edge of piston 3, as 1s apparent in FIG. 4, 1s formed
by overlapping tabs 18 forming form-fitting elements 20 of
ring 15 forming rotation-locking element 16, so that ring 15
1s connected 1n an axially-fixed manner to piston 5 by
forming.

In the 1llustrated and described specific embodiment of
the present invention, cylinder pins 13 and ring 15 forming
rotation-locking element 16 are made of steel, ceramic, or
fiber composite ceramic and piston 5 1n cylinder 7 are made
of an aluminum alloy. Generally speaking, cylinder pins 13
and ring 15 are made of a more wear-resistant material than
piston 3 and cylinder 7. Regardless of the material from
which 1t 1s made, ring 15 may include a sliding layer at its
outer circumierential surface, 1.e., at the surface which faces
toward cylinder 7. Such a sliding layer 1s made of a more
friction-reducing and/or wear-resistant material than ring 15
itself.

Piston pump assembly 1 according to the present inven-
tion 1s situated at and 1 a hydraulic block 23 of a slip
regulation of a hydraulic power vehicle braking system (not
shown otherwise), piston pump assembly 1 being part of the
slip regulation. Such slip regulations and hydraulic blocks
23 are known per se to those skilled in the art and are not
explained in greater detail here. Hydraulic block 23 1s used
for mechanical fastening and hydraulic interconnection of
hydraulic, electrohydraulic, and electronic components of
the slip regulation, which include, 1n addition to piston pump
assembly 1, solenoid valves, check valves, hydraulic accu-
mulators, and damper chambers, which are situated in and at
hydraulic block 23 and are hydraulically interconnected with
one another by a borehole (not shown) of hydraulic block 23
in accordance with a hydraulic circuit diagram of the power
vehicle braking system and a slip regulation.

Cylinder 7 of piston pump assembly 1 is situated 1n a
through hole of hydraulic block 23, which may generally
also be understood as a receptacle of hydraulic block 23 for
cylinder 7 of piston pump assembly 1. Flectric motor 2 of
piston pump assembly 1 1s situated externally on one side of
hydraulic block 23, for example, screwed together with
hydraulic block 23. Equipped with piston pump assembly 1
and the turther components of the slip regulation, hydraulic
block 23 forms a hydraulic assembly which 1s part or a core
part of the slip regulation. In the event of a service brake
application, a brake pressure of the vehicle braking system
1s generated via external power using piston pump assembly
1 according to the present invention.

Hydraulic block 23 may include a main brake cylinder
borehole 24 to house a muscle-power-actuated main brake
cylinder (not shown) in hydraulic block 23. It 1s also
possible to connect hydraulic block 23 or the hydraulic
assembly using brake lines to a separate main brake cylinder.
Hydraulic wheel brakes are connected using brake lines to
hydraulic block 23 or the hydraulic assembly.

What 1s claimed 1s:

1. A piston pump assembly for a hydraulic vehicle braking
system, comprising:
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an electric motor;

a worm gear, which 1s rotationally drivable using the
clectric motor and converts a rotational movement of
the electric motor 1nto a displacement; and

a piston-cylinder unit having a cylinder and a piston,
which 1s displaceable using the worm gear in the
cylinder;

wherein the piston includes a rotation-locking element
that includes a flange that radially protrudes away from
a body of the piston, the rotation-locking element being
supported 1 a circumierential direction at a thrust
bearing of the cylinder;

wherein the rotation-locking element includes a ring
situated 1n a rotationally-fixed manner at the piston;

wherein the ring includes an inwardly projecting form-
fitting element, which engages in a corresponding
receptacle of the piston so as to connect the ring in at
least one of the rotationally-fixed manner and an axi-
ally-fixed manner to the piston.

2. The piston pump assembly of claim 1, wherein the
rotation-locking element 1s rotationally fixed with the piston
in the axial and/or circumierential direction by a form fit.

3. The piston pump assembly of claim 1, wherein a length
of the thrust bearing extends along a direction that 1s parallel
to an axis of the piston.

4. The piston pump assembly of claim 3, wherein:
the thrust bearing includes a cylinder pin,
the rotation-locking element includes an outer circumier-

ence provided with a groove, and

the cylinder pin engages the groove.

5. A hydraulic block for a hydraulic vehicle braking
system, comprising:
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a piston pump assembly, including:

an electric motor;

a worm gear, which 1s rotationally drivable using the
electric motor and converts a rotational movement of
the electric motor into a displacement; and

a piston-cylinder unit having a cylinder and a piston,
which 1s displaceable using the worm gear in the
cylinder;

wherein the piston includes a rotation-locking element
that includes a flange that radially protrudes away
from a body of the piston, the rotation-locking ele-
ment being supported 1n a circumierential direction
at a thrust bearing of the cylinder;

wherein the cylinder 1s situated in a receptacle of the
hydraulic block for the cylinder and/or the electric
motor 1s situated on the hydraulic block;

wherein the rotation-locking element includes a ring
situated 1n a rotationally-fixed manner at the piston;

wherein the ring includes an inwardly projecting form-
fitting element, which engages in a corresponding
receptacle of the piston so as to connect the ring in at
least one of the rotationally-fixed manner and an axi-
ally-fixed manner to the piston.

6. The hydraulic block of claim 5, wherein a length of the

thrust bearing extends along a direction that is parallel to an
axis of the piston.

7. The hydraulic block of claim 6, wherein:

the thrust bearing includes a cylinder pin,

the rotation-locking element includes an outer circumier-
ence provided with a groove, and

the cylinder pin engages the groove.
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